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(54) Transmission rate judgment method and apparatus 



(57) Symbol repetition number counting section 1 08 
counts the number of received symbol repetitions and 
decoding order determination section 109 determines 
the decoding order for anticipated rates in the high-to- 



low order of likelihood of each rate being the transmis- 
sion rate of the received symbol based on the counted 
symbol repetition number. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention . . ■ ^ „. 

[0001] The present invention relates to transmission 
rate judgment methods and their: apparatuses. 



Description of the Related Art 

[0002] Recently, with drastically growing demands for 
terrestrial mobile communicaiions such as car tele- 
phonos and portable telephones, great importance is 
auac^^ad to a tedinoiogy to allow effective utilization of 
frequencies to secuf e capacities for as many subscrib- 
ers as pos&ble with Smited frequency bands, .As one of 
muttiple access systems for effective utilization of fre- 
quencies, the code division multiple access (CDf^A) 
system is attracting attention. This CDMA system is a 
multiple access system that utilizes a spread spectrum 
communication technology, capable of achieving the 
excellerrt communication quality through its wideband 
and sharp correlation characteristics using pseudo 
noise (PN) series, etc. Terrestrial mobile communication 
systems using the CDMA system are described, for 
example, in US. Patent No 4901307. 
[0003] A mobile communication system using the 
CDMA system can increase its system capacity by 
introducing variable rate transmission. For example, in 
variable rate voice CODEC, the data rale changes in 
units of a 20 msec section, called "frame" in accordance 
with the voice activity Transmitting only the amount of 
information necessary to send the corresponding voice 
signal in each frame makes it possifc>le to reduce inter- 
ference to other users and increase the system capacity 
as well. 

[0004] On the transmitting side, after voice coding, the 
system adds a CRC bit to check the frame quality, for 
example, and performs convotutional coding. The con- 
volutional-coded data are repeated according to the 
data rate and have frames of the same length irrespec- 
tive of the data rate. After being subjected to processing 
such as block interleave, spreading and modulation, the 
data are transmitted. 

[0005] Then, a conventional transmission rate judg- 
ment apparatus is explained with reference to drawings. 
FIG.1 is a block configuration diagram of a conventional 
transmission rate judgment apparatus. 
[0006] In FlG.I, tiie conventional transmission rate 
judgment apparatijs judges a transmission rate using 
variable rate decoding section 501. This variable rate 
decoding section 501 comprises derepeating section 
502 that combines or adds repeated symbols in accord- 
ance with the rate to be demodulated. Viterbi decoding 
section 503 that performs Viterbi decoding on the output 
symbol of derepeating section 502 and outputs 
decoded data, and CRC checking section 504 that per- 



forms a CRC check on tfie Viterbi -decoded data. It also 
comprises convolutional coding , section 505 that per- 
forms convolutional coding on the output of Viterbi 
decoding section 503 and symlpol error number count- 

5 ing section 506 that calculates the number of symbol 
errors in a frame using the output of derepeating section 
502 and the output of convolutional cpding means 505. 
It further. comphses rate judgment section 507 that 
judges, the rate based on the CRC check result and the 

70 reiiabiljty and the number of symt>ol en-ors of Viterbi 
decoding. . 

[0007] The sections from derepeating section 502 to 
synrtopl error number counting section 506 can perform 
processing^according to multiple anticipated data rates, 

75 for example, full rate, 1/2 rate, 1/4. rate and 1/8 rate. 
Since the data rate varies from one frame to anotfier. 
the system performs tiiis processing for all rates or 
spme. rates, and estirnates andjudges the transmis^ipn 
^rate.^;; < v.- ■ . ^ , ". . - 

20 [0008] Then, the rate judgment procedure is explained 
with reference to FIG,2.and F1G.3. FIG.2 is a flow dia- 
gram showing the procedure for decoding a received 
symbol and judging the rate. As shown in FIG.2, after 
performing the respective processing from derepeating 

25 section 502 to symbol error number counting section 
506 for all anticipated rates (step 601). the system 
makes a judgment according to the result (step 602). In 
step 602, this metiiod makes a judgment using the qual- 
ity infornriation of all rates, that is. the CRC check 

30 results. VitertDi decoding reliability and number of sym- 
M errors of all rates. 

[0009] FIQ.3 is a flow diagram showing the procedure 
for judging the rate through decoding of each rate and 
quality judgment. As shown in FIG.3, tiie system canies 

35 out processing from derepeating section 502 to symbol 
error number counting section 5t^ sequentially starting 
from a specific rate and makes a judgment In the proc- 
ess. In step 701. it carries out processing from dere- 
peating section 502 to symbol enor nuntber counting 

40 section 506 for the rate witii tiie largest qiantity of infor- 
mation (full rate), and in step 702 it makes a judgment 
based on tiie quality information of the full rate. If the 
judgment result is acceptable, the system judges it as a 
full rate (step 710) and the process ends here. If tiie 

45 judgment result is not acceptable, the system can-ies 
out processing from derepeating section 502 to symbol 
error number counting section 506 for a 1/2 rate which 
has half the quantity of information of the full rate (step 
703) and in step 704 it makes a judgment based on tiie 

50 quality Information of the 1/2 rate. Rate judgment is con- 
tinued in this way repeating the same sequential 
processing. 

[0010] However, the conventional transmission rate 
judgment apparatus above needs to perform decoding 
55 for all rates or multiple rates, having the problem of 
increasing the amount of processing and hence 
increasing power consumption. For battery-operated 
apparatuses, for example portable terminals in particu- 
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lar, an increase in power consumption leads to a 
decrease of conversation time and watting time: 

SUMMARY OF THE INVENTION 

[001 1 ] The present invention has been implemented 
taking account of the problem above and it is an objec- 
tive of the present invention to provide a transmission 
rate judgment methojd and an apparatus for it that will 
reduce the amount of average decoding processing, 
making it possible to reduce power consumption. 
[0012] The present inventiori detects the number of 
received symbol repetitions, determines the priority 
order of transmission rates in decoding the received sig- 
nal based on this symbol repetition number and 
decodes the received symbol at this determined trans- 
mission rate. . . - : . 
[0013] Thiis configlii-atioh allows decoding tb be ^r- 
ried out starting from a rate which is most likely to be the 
trarismissicri rate of the received symbol, making it pos- 
sible to omit unnecessary decoding processing. This 
results in a reduction of power consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

FiG.1 iilustrates'a block configuration diagram of a 
conventiorial transmission rate judgment appara- 
tus; 

FIG.2 illustrates an overall flow diagram of a con- 
ventional transmission rate judgrhent rnethod and 
the judgment procedure of its apparatus; 
F1Q.3 illustrates a detailed flow diiagram of the con- 
ventional transmission rate judgment method and 
the judgment procedure of its apparatus; 
FIG.4 illustrates a t^lock configuration diagram of 
the transmission rate judgment apparatus accord- 
ing to Embodiment 1 of the present invention; 
FIG.5 illustrates a flow diagram of the judgment pro- 
cedure of the transmission rate judgment apparatus 
according to Embodiment 1 of the present inven- 
tion; 

FIG.6 illustrates a t>lock configuration diagram of 
the transmission rate judgment apparatus accord- 
ing to Embodiment 2 of the present invention; and 
FIG.7 illustrates a flow diagram of the judgment pro- 
cedure of the transmission rate judgment apparatus 
according to Embodiment 2 of the present inven- 
tion; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 5] With reference now to the attached drawings, 
the embodiments of the present invention are explained 
below. 



(Embodiment 1) 

[0016] The transmission rate judgment apparatus 
according to Embodiment 1 of the present invention 
5 counts the number of received symbol repetitions, 
determines the priority order for anticipated rates based 
on the counted number of symbol repetitions, decodes 
the received symbol based on this priority order, judges 
the quality and determines the transmission rate. 
10 [0017] FIG.4 is a block configuration diagram of the 
transmission rate judgment apparatjs according to 
Embodiment 1 of the present invention. As shown m 
FIG.4. the transmission rate judgment apparatus 
according to ErrtDodiment 1 of the present invention 
15 judges the transmission rate using variable rate decod- 
ing section 101. This variable rate decoding section 101 
connprises derepeating section 102 that combines a 
received symbol in accordance with the nurnber of rep- 
etitions corresponding to the specHied rate, Viterbi 
20 decoding section 1 03 that performs Viterbi decoding on 
the output of this derepeating section 102 and outputs 
decoded data, and CRC checking section 104 tiiat per- 
forms a CRC check on Viterbi decoding section 103. 
[0018] It also comprises convolutional coding section 
25 105 that performs convolutional coding on the output of 
Viterbi decoding section 103 and symbol error nunrtber 
counting section 106 that counts the nuntoer of symbol 
en^ors using the output of derepeating section 102 and 
the output of convolutional coding means 105. 
30 [001 9] It further comprises rate judgment section 1 07 
that judges the transmission rate based on the CRC 
check result which is the output of CRC checking sec- 
tion 104. the quality information in Viterbi decoding sec- 
tion 103 and tiie number of syml>ol errors which is the 
35 output of synrt)ol error number counting section 1 06. 
[0020] ft f urtiier conrprises symbol repetition number 
counting section 1 08 that counts tiie number of received 
symbol repetitions and decoding order determination 
section 109 that determines the decoding order based 
40 on the counted number of symbol repetitions. 

[0021] In the received symbol which has been sub- 
jected to demodulation and despreading processing, 
the same symtx)l is repeated when the transmission 
rate is low. For example, if the symbol is transmitted 
45 without being repeated at a rate with \he maxim.um 
quantity of information (full rate), the same symbol is 
repeated twice at a rate which has informatiori half the 
full rate information (1/2 rate). Likewise, at a 1/4 rate, the 
same symbol is repeated 4 times; 1/8 rate, 8 times. 
50 [0022] Based on this repetition rule, symbol repetition 
nunrber counting section 108 calculates the likelihood 
(possibility of the rate being tiie ti-ansmission rate of the 
received syrttbol) for each of the anticipated rates. At a 
1/8 rate, for example, it calculates tiie number of sym- 
55 bols with the same code among 8 symbols. The more 
symbols of the same code, ttie higher tiie likelihood that 
tiie transmission rate of tiie received symt)ol will be 1/8 
rate. The likelihood of other rates can be calculated in 
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the same way. Decoding order determination section 
109 determines the rate decoding order based on the 
likelihood o1 these rates. In Embodiment 1, decoding is 
performed in the high-to-low order of likelihood, of rate. 
The system carries out processing from derepeating 
section 102 to symbol error number .counting section 
106 according to this order and judges rates sequen- 
tially 

[0023] Then, the rate judging procedure is explained 
below with reference to the flow diagram in FIG S. 
[0024] In step 201 . the number of symbol repetitions 
is calculated to find the likelihood of ^ach rate. In step 
202, the order of decoding; that is. from which rate 
decoding is started, is determined based on this likeli- 
hood. The rate with the highest likelihood is designated 
as the first rate: the rate with the second highest likeli- 
hood, the second rate; the rate'with' the third highest 
likelihood, the third rate: and thje ratiB with the fourth- 
highest likelihood, the fourth rate. 
[0025] In step 203, processing from derepeating sec- 
tion 102 to symbol error number counting section 106 is 
carried out sequentially for the first rate to obtain the 
quality information of the rate, that is. CRC check result, 
Vitertoi decoding reliability and number of symfcx>l errors. 
In step 204, the rate is judged based on the quality infor- 
mation. If the judgmerft result is acceptable: the first rate 
is judged to be the transmission rate of the received 
symbol (step 212) and the process ends here. If the 
judgment result Is not acceptable, processing is carried 
out sequentially from derepeating section 102 to symbol 
error number counting section 1 06 for the second rate to 
obtain the quality information of the rate. Then, in step 
206, the rate is judged based on the quality information 
of the second rate. Rate judgment is continued in this 
way repeating the same sequential processing. 
[0026] Thus, according to Embodiment 1, decoding 
order determination section 109 carries out decoding 
and judgmait starting from the rate which is most likely 
to be the transmission rate of the received symbol, mak- 
ing it possible to reduce the anK>unt of average decod- 
ing processing and prevent an increase of power 
consumption. 

(En^odiment 2) 

[0027] Then, the transmission rate judgment appara- 
tus according to Embodiment 2 of the present invention 
is explained below. The transmission rate judgment 
apparatus according to Embodiment 2 of the present 
invention measures the level of a received symbol, 
determines the priority order for anticipated rates based 
on the measured reception level, decodes the received 
symbol based on this priority order, judges the quality 
and determines the transmission rate. 
[0028] F1G.6 is a block configuration diagram of the 
transmission rate judgment apparatus according to 
Embodiment 2 of the present invention. As shown in 
FIG.6, the transmission rate judgment apparatus 



according to Embodiment 2 of tiie present invention is 
provided with reception level measuring section 308 
that measures the level of a received symbol, decoding 
order determination section 309 that determines the 

5 - decoding order based on the measured reception level, 
instead of symbol repetition numkper counting section 
108 and decoding order determination section 109 in 
Embodiment 1 above. The rest of the configuration is 
tiie same as that of Embodiment 1 and thus their expla- 

10 nations are omitted , here. . 

[0029] Power of the received symbol which has been 
subjected to demodulation and despreading processing 
is reduced when the transmission rate is |ow. For exam- 
ple, a . rate which has the information quantity 1/2 (1/2 

15 irate) that of the full rate which has the maximum infor- 
nnation quantity has 1/2 power. Likewise, a 1/4 rate has 
1/4 power; 1/8 rate. 1/8 power. Reception level measur- 
ing section 308 measures the level of the receivedrsym- 
bol and decoding order determination section 309 

20 determines the decoding order of the rate based on this 
measured level. It conpares the reception level of the 
relevant frame and the anticipated level of each rate, 
designates the rate with the closest level as the first rate 
and other rates as the second to fourth rate in the order 

25 of closeness of the level. According to this order, 
processing is can-ied out sequentially from derepeating 
section 102 to symbol error number counting section 
106 to judge rates sequentially. 
[0030] Then, the rate judging procedure is explained 

30 below with reference to tiie flow diagram in FIG.7. 

[0031] In step 401. the reception level is measured to 
find tiie likelihood of each rate. In step 402, the order of 
rate decoding is determined based on this likelihood. 
The rate with the highest likelihood is designated as tiie 

35 first rate: the rate with the second highest likelihood, the 
second rate; the rate v/ith the tiiird highest likelihood, 
tiie third rate; and the rate with the fburtii highest likeli- 
hood, the fourth rate. 

[0032] In step 403. processing is can-ied out sequen- 

40 tially from derepeating section 102 to symbol en-or 
number counting section 106 for tiie first rate to obtain 
the quality information of the rate, that is. CRC check 
result, Viierbi decoding reliability and number of symbol 
en-ors. In step 404. the rate is judged based on tiie qual- 

45 ity information. If the judgment result is acceptable, the 
first rate is judged to be the transmission rate of the 
received symbol (step 412) and the process ends here. 
: If the judgment result is not acceptable, processing is 
carried out sequentially in step 405 from derepeating 

so section 102 to symkx)l error number counting section 
106 for tiie second rate to obtain the quality information 
of the rate. Then, in step 406. the rate is judged based 
on the quality information of tiie second rate. Rate judg- 
ment is continued in tiiis way repeating the same 

55 sequential processing. 

[0033] Thus, according to Embodiment 2, decoding 
order determination section 309 carries out decoding 
and judgment starting from the rate which is most likely 
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to be the transmission rate of the received syiribol. mak- 
ing it possible to reduce the amount of average decod- 
ing processing and prevent an increase of power 
consumption. 

[0034] As seen clearly from the explanation above, the s 
present invention allows quality judgment to start Irom 
the rate which is most likely to be the transmission rate 
of the received symbol; making it easier to deterrhine 
the transmission rate and reduce the amount of average 
processing. This results in a reduction of power con- 10 
sumption of the apparatus, and hence an extension of 
the waiting time. 

[0035] This application is based on the Japanese Pat- 
ent Application No. HEI 9-340567 filed on November 26. 
1S97, entire content of which is expressly incorporated is 
by reference herein. 

Claims • ' ' - * - 

1 . A transmission rate judgment method which counts 20 
the number of received symbol repetitions and 
determines the priority order of the transmission 
rate in decocfing the received symbol from this rep- 
etition count- 

25 

2. A transmission rate judgment method which meas- 
ures tlie level of a received symbol and determines 
the priority order of the transmission rate in decod- 
ing the received symbol from this measured level. 

30 

3. A transmission rate judgment apparatus, compris- 
ing symtx>l repetition number counting means for 
counting the number of received symbol repetitions 
and rate determination means for determining the 
priority oider of the transmission rate in decoding 35 
the received symbol based on said symbol repeti- 
tion count ' 

4. The transmission rate judgmeint apparatus accord- 
ing to claim 3. wherein said rate determination 4o 
means determines the priority order of the trans- 
mission rate based on the repetition count of the 
received symbol and determines the transmission 
rate used for decoding according to this priority 
order. 45 

5. A transmission rate judgment apparatus, compris- 
ing reception level measuring means for measuring 
the level of a. received symbol and rate determina- 
tion means for determining the priority order of the so 
transmission rate in decoding the received symbol 
based on said level 

6. The transmission rate judgment apparatus accord- 
ing to daim 5. wherein the rate determination ss 
means determines the priority order of the trans- 
mission rate tased on the level of the received sym- 
bol and determines the transmission rate used for 



8 

decoding according to this priority order. 

7. A reception apparatuis. conphsing the transmission 
rate judgmertt apparatus according to claim 3 or 
claim 4. quality judgment means for judging the 
quality of decoded data and output means for out- 
putting the judgment result of this quality judgment 
mearts. 

8. A reception apparatus, comprising the transmission 
. rate judgment apparatus according to claim 5 or 

claim 6, quality judgment means for judging the 
quality of decoded data and output means for out- 
putting the judgment result of. this quality judgment 
means. 

a. The reception apparatus according to claim 7 or 
daim 8; comprising derepeating means for combin- 
ing the received symbol in the repetition count cor- 
responding to the specified rate, Vrterbi decoding 
means for carrying out Viterbi decoding on the out- 
put of said derepeating means, CRC checking 
. means for carrying cut a CRC chsck on. the output 
of said Viterbi decoding means, convolutional cod- 
ing means for carrying out convolutional coding on 
the output of said Viterbi decoding means, symbol 
error number counting means for counting the 
number of symt>o) errors from the output of said 
derepeating means and the output of said convolu- 
tional coding means, and rate judgment means for 
judging the transmission rate based on the CRC 
check result which is the output of said CRC check- 
ing means., the quality information in said Viterbi 
decoding means and the number of symbol errors 
which is the output of said symbol error number 
counting means, 

10. A mobile communication terminal apparatus which 
comprises the reception apparatus according to 
any of claim 7 to claim 9 arxi carries out radio com- 
munications with a base station apparatus. 

11. A mobile communication base station apparatus 
which comprises the reception apparatus according 
to any of daim 7 to daim 9 arxl carries out radio 
communications with a mobile communication ter- 
minal apparatus. 

12;. A communication system, comprising the mobile 
communication terminal apparatus according to 
. daim 10 and the mobile communication base sta- 
tion apparatus according to claim 1 1 . 

13. A decoding method which counts the number of 
received symbol repetitions, determines the priority 
order of the transmission rate in decoding the 
received symbol based on this symbol repetition 
count and decodes the received symbol at this 
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determined transmission rate. 

14. A decxxiing method which measures the level of a 
received synnbol, determines the priority order of 
the transmission rate in decoding the received sym- s - 
bol based on this measured level and decodes the 
received synnbol at this determined transmission 
rate. 

10 
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